Background: Rates of hepatitis C virus (HCV) infection are markedly higher for baby boomers compared with other birth cohorts, and they are now recommended for universal one-time screening. This study examines HCV screening rates and predictors for four birth cohorts [born <1945, born 1945-1965 (baby boomers), born 1966-1985, and born >1985] of a nationally representative sample over time.
Introduction
Hepatocellular carcinoma (HCC) is one of the few cancers that have increased in incidence and mortality over the last decade in the United States (1) . Death from HCC increased by 56% from 2003 to 2012 (2) . The strongest single predictor of HCC in the general population in the United States is chronic hepatitis C virus (HCV) infection, which accounts for approximately half of all HCC incidence (2, 3) . Approximately 2.7 to 3.9 million people in the United States are currently chronically HCV infected, according to the Centers for Disease Control and Prevention (CDC; ref. 4) . Until 2012, national guidelines recommended risk-based HCV screening for those who ever injected illegal drugs, had selected medical conditions (e.g., persistently abnormal alanine aminotransferase levels), received blood or organ donation before July 1992, had a possible occupational exposure, or were born to an HCV-positive mother. In 2012, in light of new research demonstrating three out of four people with HCV were born between 1945 and 1965 (baby boomers; ref. 5) , the CDC augmented their risk-based recommendations to also include a onetime HCV screening for all baby boomers (6) . The U.S. Preventive Services Task Force (USPSTF) issued a similar recommendation in 2013 (7) .
Risk-based screening alone fails to identify more than 50% of people currently living with a chronic HCV infection, and 75% of those missed would be identified through universal age-based screening for the 1945-1965 birth cohort (8) . Cost-effectiveness analyses demonstrate one-time testing in this birth cohort produces an incremental cost-effectiveness ratio observed in other cancer screenings (9, 10) . Despite these recommendations and potential benefits, an analysis of the 2013 National Health Interview Survey (NHIS) showed only 12% of individuals born between 1945-1965 reported ever being screened for HCV (11) .
Prior to 2014, treatment for HCV infection consisted of interferon and ribavirin which are associated with significant side effects, poor tolerability, and low cure rates (30%-40%; refs. 12, 13), leading to very limited treatment uptake (14) . However, in October 2014 the Food and Drug Administration approved new oral and well-tolerated direct-acting antiviral treatments with exceptionally high cure rates (>90%; refs. [15] [16] [17] [18] . It is unknown whether the national screening guidelines and the availability of highly curable and tolerable treatment have influenced the rates of HCV screening, as HCV screening trends have not been assessed across the years following these changes. Without intervention, the United States is unlikely to meet its Healthy People 2020 HCV screening goal of having at least 60% of those infected with HCV aware of their infection (19) . To assess whether HCV screening has changed in the overall U.S. population or by risk group (e.g., baby boomer, etc.), we conducted an analysis of NHIS HCV screening data for the period 2013-2015, the years immediately following the changed national recommendations for screening and availability of tolerable curative therapies.
Specifically we (i) report serial cross-sectional HCV screening rates for four birth cohorts of a nationally representative sample from 2013 to 2015 and (ii) evaluate factors associated with HCV screening by birth cohort.
Materials and Methods

Design, setting, and participants
The NHIS is an annual, serial, cross-sectional national survey conducted in-person through a computer-assisted household interview. A nationally representative sample of the civilian noninstitutionalized population in the United States is generated using a stratified, multistage, cluster sample design (20) . A detailed survey description and questionnaires can be accessed at http://www.cdc.gov/nchs/nhis/index.htm.
For these analyses, we included the total sample from the 2013, 2014, and 2015 NHIS (the years in which complete data are available). The sample was divided by birth cohort to compare those who are recommended for age-based screening (baby boomers), those born before 1945 (older than the baby boomers), those born 1966-1985 (second youngest group), and those born after 1985 (youngest group) to assess whether screening prevalence is increasing in the baby boomer population compared with other birth cohorts during the same timeframe.
Measures and data analysis
Starting in the year 2013, every adult respondent was asked the question: Have you ever had a blood test for hepatitis C? Response options included: "yes," "no," "refuse," "I don't know," and "not ascertained." A binary variable for the outcome was created such that "no," "refused," "I don't know," and "not ascertained" were compared with "yes" in response to the question. Any participant with missing data regarding the outcome variable was excluded from the study.
Descriptive statistics were generated for the entire sample by survey year and birth cohort and included the following: demographic variables, variables related to factors that would increase the probability of HCV screening, and indicators of participants' use of preventive health services. Variables assessed that are known to be related to an increased probability that the participant had been screened for HCV include: working in healthcare (21) , former, regular alcohol consumption (22) , lived with someone with hepatitis, or a personal history of liver cancer, hepatitis, any liver condition, or a chronic liver condition (6) . Indicators of participants' use of preventive health services included whether a participant had: seen a healthcare provider in last 12 months, health insurance, ever been tested for HIV, a blood pressure or cholesterol check in the last 12 months, and a colon cancer test in last 12 months.
For all other analyses, the sample was weighted using the standard NHIS-based approach applying the 2010 decennial census to best obtain population estimates. Each participant was assigned a sampling weight equal to the inverse probability of the participant being selected and was adjusted for survey nonresponse. We assessed HCV screening prevalence by year and birth cohort as well as prevalence of the respective reasons for receiving HCV screening, among those screened. There are some groups of people who have higher prevalence of HCV infection or that are more likely to have been screened for HCV as compared with the general population. These special populations include participants with a personal history of liver cancer (23), a personal history of hepatitis (of any type; ref. 24 ), a chronic liver condition (24) , any liver condition (5), lived with someone who had hepatitis (2) , reported previous high alcohol use ("former, regular drinker"; ref. 8) , or reported that they work in healthcare (4). As our primary goal was to assess HCV screening among the healthy general U.S. population subsequent analyses excluded these special populations. Bivariate logistic regression analyses stratified by birth cohort were conducted to assess factors associated with HCV screening using the data combined across the three years of study. Finally, a multivariable logistic regression model per birth cohort was developed using backward elimination approach with a P value of 0.05 required to stay in the model. Some of the preventive health services we assessed are not recommended for all of the included birth cohorts and analyzing a variable in the model that is not routinely recommended would not necessarily be an indicator of preventive health services use, but rather a reflection of a more serious health issue for that individual. Therefore, based on USPSTF recommendations for screening (25) (26) (27) , in the youngest two birth cohorts we removed cholesterol check in the last 12 months, and colon cancer test in the last 12 months from the model. In addition, we also removed blood pressure check in the last 12 months from the youngest age group. All statistical analyses were conducted with SAS, version 9.4 and SAS-callable SUDAAN, version 11.0.1 in 2017.
Results
Sample description
Survey data included 88,744 participants from 2013 (n ¼ 29,275), 2014 (n ¼ 31,128), and 2015 (n ¼ 28,341). After excluding 3,534 participants for whom birth year was unknown, the final analyses included 15,100 who were born before 1945 (older), 28 
HCV screening prevalence
Weighted analyses indicated screening was between 11.5 and 12.8% across the three survey years for baby boomers (Table 2) . Screening prevalence in the second youngest birth cohort was similar to that of baby boomers (13.7%-14.9%), whereas the older birth cohort was screened between 3.9 and 4.5%. Among the response options available to select reporting the reason for HCV screening (i.e., their doctor thought they were at risk because they experienced symptoms, they were born between 1945 and 1965, they were at risk due to exposure, other, refused, not ascertained, or don't know) "other" was the most frequently reported response regardless of age or study year. Of the baby boomers screened, less than 20% indicated the reason was their age.
Regression models: factors independently associated with HCV screening Bivariate and multivariable models of factors associated with HCV screening by birth cohort are presented in Table 3 .
Youngest group (born after 1985). In the multivariable model, HCV screening did not significantly change over time in this birth cohort. Age was significantly associated with screening and increasing age was associated with an increase in the odds of screening (aOR ¼ 1.04; 95% CI ¼ 1.00-1.07). Likewise, whether or not the participant had ever been screened for HIV was associated with an increased odds of screening (aOR ¼ 5. Older group (born before 1945). Few variables were associated with HCV screening among the older birth cohort population in the multivariable model. Geographic location was significant for this birth cohort and people living in the West having higher odds of HCV screening (aOR ¼ 2.00; 95% CI ¼ 1.39-2.88). Age was significant in the same direction as the baby boomers and increasing age was associated with decreasing odds in screening (aOR ¼ 0.85; 95% CI ¼ 0.76-0.95). As with all other birth cohorts, female gender was associated with lower odds of screening (aOR ¼ 0.71; 
Discussion
As of 2013, both the CDC and USPSTF recommend one-time HCV screening for all baby boomers (6, 7) . This study provides population estimates of screening rates over three consecutive years for the baby boomer population since the implementation of the new recommendations. In addition, we examined the populations that are older and younger than the baby boomers to compare screening predictors and examine differences between populations for whom there are risk-based versus universal screening recommendations. Our large, nationally representative sample demonstrated screening has increased slightly in the baby boomer population (1.3% from 2014 to 2015), but the proportion screened for HCV (12.8%) falls well below the national recommendation for universal screening in this birth cohort. While the proportion of baby boomers screened appeared to decrease from 2013 to 2014 and then increase from 2014 to 2015, this apparent decrease was attenuated in the multivariable model controlling for other factors. The HCV screening pattern among baby boomers demonstrated by these data are consistent with recent research and indicates the need to dramatically improve rates of screening (28) . The relatively low HCV screening prevalence suggests the existence of barriers to screening at multiple levels. For example, recent research demonstrates barriers at the provider-level include low communication skills (29) , and low awareness of HCV prevalence and screening recommendations (30) . Barriers at the patient level include lack of knowledge and awareness of HCV infection (31), confusion regarding transmission (30) , and lack of insurance to pay for screening (32) . Practice-level barriers include lack of routine and automated reminders for screening, inadequate funding for HCV prevention and control (31) , and inadequate insurance reimbursement (33) .
HCV screening prevalence differed by race and ethnicity for the second youngest and baby boomer populations. Specifically, non-Hispanic blacks and Hispanics had lower odds of screening in both of these birth cohorts. It is important to note that this was not significant for baby boomers in the bivariate analysis and the trend was only apparent in the multivariable model, suggesting Hispanics and non-Hispanic blacks were screened more due to other factors that were controlled for in the multivariable model. This is particularly worrisome given findings from a recent study indicating non-Hispanic blacks are more likely to have a current infection than non-Hispanic whites (34) and HCV-infected Hispanics have higher rates of advanced fibrosis and cirrhosis than HCV-infected non-Hispanic whites (35) . One of the variables with the strongest association with HCV screening was also HIV testing, which could be a marker of a physician's concern about a patient's intravenous drug use. This may indicate that either providers still screen based on risk factors as opposed to birth cohort (baby boomers), or patients engaging in high risk behaviors specifically sought out HCV screening. The new screening guidelines are meant to augment, not replace risk-based guidelines, but if they are not properly implemented, half of those chronically infected with HCV may fail to be identified (8) .
Interestingly, having been screened for colon cancer was positively associated with HCV screening for the two birth cohorts for which it was examined. While it is common for preventive care screening tests and pro-health behaviors to cluster (36) , in this study, it was only colon cancer screening, not other tests such as blood pressure or cholesterol screening that was reliably associated with HCV screening regardless of age. It is possible this finding may be due to the fact that colon cancer screening (via colonoscopy) is typically performed by a gastroenterologist, the same provider who treats HCV infections, and these providers may be more aware of HCV screening recommendations. However, it is typically the primary care provider, not a specialist, who orders HCV screening. Therefore, the stronger association between colon cancer screening and HCV screening was an unexpected finding that requires replication in other studies.
Other indicators of use of preventive health services (e.g., having seen a provider in the last 12 months) were also associated with HCV screening. Approximately 35% of baby boomers had seen a provider in the last 12 months but only 12% had ever been screened for HCV. This demonstrates that, much like other preventive health measures (37, 38) , there are missed clinical opportunities both for routine preventive care visits and for HCV screening in this group. The odds of HCV screening did increase for the baby boomer population over the three survey years. These increases, although statistically significant, were relatively small and well below the goal of universal screening in this birth cohort. Interestingly, some variables had associations in the opposite direction for different birth cohorts. For example, not being currently married (i.e. widowed, divorced, or separated) was not retained in the multivariable model for the youngest and oldest birth cohorts but was associated with increased screening for the middle two birth cohorts. It is possible the different pattern between the birth cohorts is because people who are not currently married in the older group are more often widowed and the people not currently married in the younger birth cohort are more likely divorced, indicating a different risk profile. Likewise, age was negatively associated with the odds of being screened for the baby boomer and older group but was positively associated with screening in the youngest group.
This study used data from a large, weighted, nationally representative sample to assess trends in HCV screening in the U.S. population over time. These unique data offer the opportunity to identify important factors associated with HCV screening. Although these are strengths, study findings should be considered in light of certain limitations. First, the survey did not include questions regarding all known HCV risk factors including HIV status, being born to an HCV-infected mother, received a solid organ transplant or blood transfusion before 1992, or a history of injection drug use. Moreover, the NHIS sample excludes certain groups known to have high HCV infection rates including the homeless and incarcerated (39) (40) (41) . Furthermore, we included people who refused to answer whether they were screened for HCV in the analyses. While it is possible these people were more likely to be positive and did not want to share that information, this group accounted for only 0.1% of the total sample population and is therefore unlikely to affect results. In addition, these data are cross-sectional, longitudinal associations within a cohort cannot be assessed. In particular, we cannot determine whether the reported behaviors included in the "high risk" groups occurred before or after HCV screening.
